The effectiveness of penicillin G, fosfomycin, and cefoxitin alone and in combination was studied in vitro and in the treatment of left-sided Streptococcus sanguis endocarditis in rabbits. In vitro, the combinations penicillin G plus fosfomycin, penicillin G plus cefoxitin, and fosfomycin plus cefoxitin were synergistic or partially synergistic for S. sanguis. Therapy with the combinations was more effective in eradicating the species from cardiac vegetations than was that with each antibiotic used alone. This paper reports on the effectiveness of penicillin G (PG), cefoxitin (Cx), fosfomycin (Fm), and combinations of these drugs in the treatment of experimental endocarditis induced by Streptococcus sanguis in rabbits.
MATERIALS AND METHODS Experimental model. White New Zealand rabbits of either sex, weighing 2 kg ± 200 g, were used. They were anesthetized with Ketolar (Parke-Davis), 10 mg/ kg, using Combelen (Bayer), 0.5 ml per rabbit, as a preanesthetic. Endocarditis was produced in rabbits by the method of Garrison and Freedman (5) . Animals were catheterized on different days, but untreated rabbits were included each day as a control.
The right carotid artery was cannulated until the left ventricle was reached, using a polyethylene (Elecath) catheter with exterior and interior diameters of 1 and 0.6 mm, respectively. Catheter and carotid were ligated, and the skin incision was sutured.
Forty-eight hours after cannulation, the rabbits were inoculated in the marginal ear vein with approximately 108 colony-forming units (CFU) of streptococci in a 1-ml volume of an overnight culture in brain heart infusion broth adjusted to an optical density of 0.22 in a Spectronic 20 spectrometer.
Hemocultures were obtained 3 days after infection and just before postmortem examination. Blood was taken from the marginal ear vein; 0.1 ml was plated in Columbia blood agar, and 1 ml was incubated in brain heart infusion broth.
Test strain. A strain of S. viridans subsp. sanguis serotype II (49678 RyC), isolated from a patient with endocarditis in the Ram6n y Cajal Hospital, was used to produce the infection. The minimal inhibitory concentrations for this organism, as determined by serial dilution techniques using Mueller-Hinton broth, were as follows: PG, 0.3 yg/ml; Cx, 4 yg/ml; and Fm, 64 jLg/ ml.
Interaction tests of the combinations PG+Fm, PG+Cx, and Fm+Cx against this and 16 other strains of S. viridans were done by the checkerboard method, using Mueller-Hinton agar. Interactions were classified as synergistic or partially synergistic when fractionary inhibitory concentration indices were-0.5 or c0.75, respectively (7).
Bacterial killing. Time-kill curves of PG (0.15 ug/ ml), Cx (2 ,ug/ml), Fm (32 ,Lg/ml), and the combinations for S. sanguis were performed in Mueller-Hinton broth. Inocula containing 105 organisms per ml were used. Samples were removed after 6, 24, and 48 h of incubation. Serial 10-fold dilutions in sterile saline were made and cultured on Columbia blood agar; the numbers of CFU were counted after 48 h of incubation at 370C.
Administration of antibiotics. Animals with positive blood cultures were divided into six treated groups and one untreated control group. The latter included 20 rabbits. The antibiotics used and numbers of animals treated (given in parentheses) in the other six groups were as follows: PG (11), Cx (9), Fm (10), PG+Fm (8), PG+Cx (7), and Fm+Cx (7). Whether administered alone or in combination, doses of 100 mg/kg were given intramuscularly twice daily for 5 days, starting 72 h after inoculation.
Vegetations and serum levels. Eighteen cannulated, infected, and treated rabbits were used to study the concentrations of individual drugs in serum and vegetations. Six rabbits were used for each antibiotic. Blood was drawn from the ear vein, and vegetations were removed from the heart. After 3 days of treatment, subgroups of three animals each were sacrificed for this study at each of the two time intervals indicated in Table 4 . Antibiotic concentrations were determined by a diffusion plate method, using Proteus vulgaris ATCC 21100 for Fm, Sarcina lutea ATCC 9341 for PG, and Staphylococcus aureus MB 2786 for Cx.
Vegetations were weighed, homogenized in appropriate buffers and diluted to 1:10. Standard solutions of each antibiotic in rabbit serum and in phosphate buffer (0.1 M), pH 6, for PG and Cx and in tris(hydroxymethyl)aminomethane buffer (0.05 M), pH 8, for Fm were prepared to determine vegetations and serum levels.
Evaluation of infection. Surviving control and treated animals were killed 7 days after infection. Six hours after the last dose of antibiotic, on day 5 of treatment, blood samples were obtained for culture, and the hearts were removed and opened to excise the endocardium vegetations, which were weighed and homogenized in a tissue grinder. Penicillinase was added in cases when penicillin had been used.
The numbers of CFU in blood and vegetations were determined by serial dilution and plating techniques. In addition, 0.5 ml of the undiluted homogenates was cultured in brain heart infusion broth. Vegetations were considered sterile when no growth was seen on plates and there was no turbidity in the tubes incubated at 370C for 48 h.
Statistical analysis. Student's t test was used to determine statistically significant differences in the mean weight of vegetations and in the mean logio CFU (±standard deviation) of S. sanguis per gram of vegetation.
RESULTS
In vitro studies. The susceptibility at critical miniimal inhibitory concentration levels of PG, Cx, and Fm of 17 S. viridans strains and the synergism of PG+Cx, PG+Fm, and Cx+Fm against these strains are shown in Tables 1 and  2 . Eighty-two percent of the strains were susceptible to Cx, 70% were susceptible to PG, and 47% were susceptible to Fm. Synergism, as well as partial synergism, was observed with PG+Fm and Cx+Fm in 94% of the strains and with PG+Cx in 76% of the strains tested by the checkerboard method. The fractionary inhibitory concentration indices against S. sanguis were 0.5 for PG+Cx and 0.75 for PG+Fm and Cx+Fm.
The killing curve results for S. sanguis (Fig.  1) show that the combinations PG+Fm, PG+Cx, and Cx+Fm produced a remarkable decrease! (>4 logs) in the number of viable CFU at 48 h compared with each antibiotic alone. The effect. of these combinations was considered to be synergistic according to the criteria of Watanakunakorn and Bakie (13) .
In vivo studies. Results of experimental endocarditis therapy are summarized in Table 3 . All rabbits cannulated to evaluate the effectiveness of the treatments tested had positive blood cultures, with mean logio 2.8 (±0.73) CFU/ml. All of the postmortem blood cultures of the control group were also positive, with mean logio 3.55 (±0.68) CFU/ml, whereas the postmortem blood cultures of the treated rabbits were negative in 9 of 11 cases for the PG group, in 7 of 9 cases for the Cx group, and in 5 of 10 cases for the Fm group. The postmortem blood cultures of rabbits in the combination treatment groups were sterile.
In the controls there were 90% spontaneous deaths, occurring between days 2 and 7 after 
